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The φ→ ωpi0 Decay in the Chiral Model
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The φ → ωpi0 decay is studied using the method of phenomenological chiral Lagrangians. It is
shown that the weak hadronic current between ω- and pi0 -mesons is equal to zero and this decay
channel proceeds only due to the φ− ρ mixing diagram.
PACS numbers: 13.25.Jx, 12.39.Fe
Recently, experimental evidence [1] of the G-parity
violating φ→ ωpi0 decay with the partial widths
B(φ→ ωpi0) = (4.8+1.9
−1.7 ± 0.8) ∗ 10−5
has been seen. At present the world average [2] for
this decay channel is estimated to be
B(φ→ ωpi0) = (5.2+1.3
−1.1) ∗ 10−5.
Here, we consider the φ → ωpi0 decay on the
basis of the method of phenomenological chiral
Lagrangians(PCL’s)[3]. Studies of this decay channel
is of interest in this model for the following reasons:
First, this decay channel is a unique ”laboratory” for
verification of weak hadron currents between pseu-
doscalar and vector meson states which was obtained
in[4] within the formalism of phenomenological chiral
Lagrangians
Iiµ = gFpiϑ
a
µϕ
bfabi, (1)
g is the ”universal” coupling constant fixed from the
experimental ρ → pipi decay widht g2/4pi = 3.2,
Fpi = 93MeV , ϑ
a
µ and ϕ
b are the fields of the 1−
and 0− mesons, respectively, and fabi are the struc-
ture constants of the SU(3) group (a,b ,i = 1,...,8).
Second, this decay allows to study the nature of ρ, ω
and φ− meson mixing. Note,that in references [5, 6]
the problems of pi0− η - and ω−φ mixings have been
studied on the basis of this model as well and obtained
reasonable results for the τ -lepton decay probabilities.
In this calculation, we used ω − φ-mixing [2] in the
form
φ = ω8cosθV − ω1sinθV
ω = ω8sinθV + ω1cosθV
According to the expression for weak hadronic cur-
rents between pseudoscalar and vector meson states
(1), the Born amplitude of this decay is equal to zero,
because of structure constants f13i = f83i = 0, (in
other words, the current Iiµ responsible for the direct
φ→ ωpi0 decay (FIG.1) is zero).
According to the method of phenomenological chiral
Lagrangians(PCL’s), this decay channel would origi-
nate via the intermediate D¯0∗ − meson state (FIG. 2).
In this case the weak interaction Lagrangian between
φ and D¯0∗ mesons has the form given in reference [7]
 L
(∆C=1)
W = (1/2)
−1/2GFh5(−
√
3I8µ)I
9−i10
µ +H.c.,
whereGF = 10
−5/m2p is the Fermi constant, h5=0.285
is the factor that describe deviations from the 20−plet
dominance and which is determined by the angles of
current rotation about 7th and 10th axes in the SU(4)
space, and
I8µ = (
√
2/gρ)m
2
ϑϑ
8
µ = (
√
2/gρ)m
2
φφµcosθV .
I9−i10µ = (
√
2/gρ)m
2
DD¯
0∗
µ .
In the PCL the strong interaction Lagrangian of vec-
tor mesons with vector and pseudoscalar mesons has
the form
LS(vvϕ) = −1/4gvvϕεµvaβ(dkln+ifkln)(∂µV kv ∂αV lβϕn),
(2)
where gvvϕ = (3g
2)/16pi2Fpi is the coupling constant;
dkln and fkln are the symmetric and anti-symmetric
structure constants of the SU(3) group, respectively.
Taking into account
D¯0∗ = (1/2i)−1/2(ϑ9 − iϑ10),
pi0 = ϕ3,
it should be noted, that all structure constants respon-
sible for this interaction equal zero
f391 = f3101 = f398 = f3108 = d391 = d3101 =
= d398 = d3108 = 0.
Therefore, the second diagram does not give any con-
tribution to φ→ ωpi0 decay.
The next diagram (FIG. 3) also does not contribute
to the partial width for the φ → ωpi0 decay. In this
case the Lagrangian of the strong coupling of axial-
vector mesons to vector and pseudoscalar mesons is
derived in a similar way and has the form [5]
 LS(0
−, 1+, 1−) = −Fpig2ϕlaiµϑkµflki, (3)
where aiµ are the fields of 1
+ mesons.
The structure constants of the SU(3) group respon-
sible for this transition are equal zero f391 = f3101 =
f398 = f3108 = 0. It should be noted that the dia-
grams 2 and 3 do not contribute to the partial width of
the φ→ ωpi0 decay channel which is obvious also due
to the hadronic flavor conservation principle. Accord-
ing to the expression (2),also the anomalous diagram
(FIG.4.) does not contribute to the partial width of
the φ→ ωpi0 decay because
d311 = d388 = 0.
Finally the diagram with the intermediate ω me-
son (FIG. 5) does not contribute to the partial width
of this decay channel also because of these structure
constants.
Within the method of phenomenological chiral La-
grangians(PCL’s), the partial width of the φ → ωpi0
decay is therefore given by the diagrams with φ − ρ
and ω− ρ mixings (FIG.6 and FIG.7). In this case all
the structure constants are equal to zero except
d331 = (1/2)
−1/2, d338 = (1/3)
−1/2.
Note, that in [5] we studied the τ− → pi−ηντ decay
of the τ lepton in the framework of this method with
taking into account isotopic violation of chiral sym-
metry in the Oakes scheme.In this case the pi0 − η -
mixing Lagrangian has the form
Lpi0/η = (−1/3)−1/2m2pi0pi0η. (4)
It was shown, that this decay channel was suppressed
with respect to the τ− → pi−pi0ντ decay by a factor
10−4. Therefore, it is natural that the φ→ ωpi0 decay
is strongly suppressed because of φ − ρ and ω − ρ
mixings.
According to (2), the Lagrangians describing ρ -
meson interaction with ω and pi0 mesons (FIG. 6), and
φ-meson interaction with ρ and pi0 mesons (FIG.7)
have the forms, respectively
Ls(ρ→ ωpi0) = −1
4
(
1√
3
sinθV +
1√
2
cosθV×
gvvϕεµναβ(∂µων∂αρβpi
0) (5)
Ls(φ→ ρpi0) = −1
4
(
1√
2
sinθV − 1√
3
cosθV )×
gvvϕεµναβ(∂µφν∂αρβpi
0) (6)
At θV = 39
0 the factors of these Lagrangians are
equal,respectively
1
4
(
1√
3
sinθV +
1√
2
cosθV ) = 0, 23
1
4
(
1√
2
sinθV − 1√
3
cosθV ) = 0, 0005
Therefore, the contribution of the diagram with
ω− ρ mixing (FIG.7) is negligible with respect to the
contribution of the diagram with φ−ρmixing (FIG.6).
Thus,the decay width of the φ→ ωpi0 decay mainly is
defined by the diagram with φ− ρ mixing (FIG. 6).
Here, we estimate the contribution of this diagram
to the partial width of the φ → ωpi0 decay using the
pi0 − η mixing Lagrangian (4) by making the substi-
tutions pi0 → ρ, η → φ
Lφρ =
m2ρ√
3
φρ (7)
The decay rate is given
Γ =
1
3
1
2m
|M |2Φ, (8)
where m is the φ-meson mass. The amplitude of the
φ→ ωpi0 decay will be determined in accordance with
(5) and (7),and has the form
M =
1
2
√
3
(
1√
3
sinθV +
1√
2
cosθV )
2×
2
gvvϕ
m2ρ
m2 −m2ρ
[
m2m2ω −
(
m2 +m2ω −m2pi
2
)2]
The phase space has the form
Φ =
1
8pim2
[
m2 − (mω +mpi)2
]1/2
[m2−(mω−mpi)2]1/2
where mω, mpi and mρ are the masses of ω, pi
0 and ρ
mesons, respectively. According to (8) the decay rate
has the form
Γ =
1
4608pim3
(
1√
3
sinθV+
1√
2
cosθV )
2g2vvϕ(
m2ρ
m2 −m2ρ
)2
× [m2 − (mω +mpi)2]3/2 [m2 − (mω −mpi)2]3/2
(9)
It follows that the decay rate of the φ→ ωpi decay is
Γ(φ→ ωpi) = 0.27MeV,
here we took into account only the contribution of the
intermediate ρ(770) meson state. The decay rate with
taking into account the contributions of intermediate
ρ(1450) and ρ(1700) meson states is
Γ(φ→ ωpi) = 0.77MeV,
For the partial decay rate we obtain
B(φ→ ωpi) = 0.18,
that is four orders of magnitude large than the exper-
iment [2].Therefore, our estimation of the φ → ωpi0
decay rate using pi0 → η mixing Lagrangian is in-
consistent with experimental data and study of this
process in the framework of the φ − ρ mixing is of
interest.
In summary, we have studied the φ→ ωpi0 decay in
terms of chiral Lagrangians,and we have shown that
there is no direct φ → ωpi0 decay (as was indicated
in reference[1]); therefore, this decay channel with G-
parity violation will originates mainly from φ − ρ -
mixing. Therefore, the φ → ωpi0 decay is a unique
”laboratory” for studing of the nature of the ρ−ω−φ
- mixing. At present the investigation of this mix-
ing in the framework of phenomenological chiral La-
grangians is in progress.
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FIG. 1: The main diagram for the φ → ωpi0 decay, (W)
weak-interaction vertex.
4
FIG. 2: The diagram with the intermediate D¯0∗ − meson,
(S˜) anomalous strong-interection vertex
.
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FIG. 3: The diagram with the intermediate D¯0∗A - meson,
(S) strong-interection vertex
.
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FIG. 4: The anomalous diagram for the φ→ ωpi0 decay
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FIG. 5: The diagram with the intermediate ω - meson.
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FIG. 6: The diagram with the ρ− φ - mixing.
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FIG. 7: The diagram with the ρ− ω mixing.
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